Background: Preventing obesity requires maintenance of healthy eating behaviors over time. Food labels and strategies that increase visibility and convenience of healthy foods (choice architecture) promote healthier choices, but long-term effectiveness is unknown.
Introduction
The rising prevalence of overweight and obesity is now a major health concern in the United States and worldwide. 1, 2 Easily accessible, low cost, energy-dense food contributes to high calorie diets and weight gain. 3, 4 Although individual-level interventions can result in large weight changes among small groups of patients, efforts to prevent obesity at the population level will require changes in the food environment that promote healthy, lower calorie foods and discourage unhealthy, energy-dense foods. 3, 4 Several factors contribute to unhealthy eating patterns, including lack of knowledge, 5, 6 automatic or habitual choice processes, 7, 8 and preference for convenience. [9] [10] [11] All of these factors can be addressed in the context of the food environment. Nutrition labeling on food packages addresses knowledge by providing detailed information about the nutritional and caloric content of a food, but many nutrition labels require a high level of literacy and numeracy to interpret. 12 Simpler labeling schemes, such as traffic lights that identify healthy items as "green" and unhealthy items as "red," have demonstrated effectiveness for promoting healthier choices in studies with either brief exposure conditions or short-term follow up. [13] [14] [15] [16] [17] [18] "Nudging strategies" that target automatic processes and preferences for convenience can manipulate the food environment to promote healthier choices. 7 Some studies have demonstrated that small changes in the food environment, including choice architecture interventions to make healthy items more visible and convenient, can result in better food choices, but these studies have only demonstrated short-term change after a brief exposure to the intervention. 9, 10, 13, 14, 19, 20 It is critical to evaluate the long-term effectiveness of food environment interventions in order to develop effective health policies and programs for obesity prevention. A simulation modeling study of a traffic-light intervention demonstrated that if small changes in energy consumption were sustained at a population level over time, the intervention would be effective for both weight reduction and cost savings. 21 However, it is currently unknown if food labeling and environment interventions can produce durable changes in healthy food choices or if individuals revert back to unhealthy eating patterns.
The authors previously demonstrated that a traffic-light labeling and choice architecture intervention in a large hospital cafeteria was effective for promoting healthy food and beverage choices over 6 months among all cafeteria patrons and among hospital employees. 13, 14 The objective of the current study was to evaluate whether the increase in sales of healthier items was maintained over the 24 months following implementation of the intervention by comparing sales at 12 and 24 months to a baseline period prior to the labeling. Outcomes were analyzed for: 1) purchases of all cafeteria patrons to determine the effectiveness of the intervention for a broad population of infrequent and frequent cafeteria users and 2) purchases of a cohort of 2,285 employees who regularly visited the cafeteria from baseline through the end of 24 month followup to determine the effectiveness of the intervention for customers who had repeated exposure. months of the intervention to the 3 month baseline period have been reported. 13, 14 The current study evaluates the effectiveness of the cafeteria intervention after 24 months of follow-up.
Methods

Setting and Participants
Massachusetts General Hospital is a 907 bed teaching hospital. The hospital has one main cafeteria and four smaller on-site cafeterias. The cafeterias are operated by the hospital's nutrition and food services, and no outside food vendors are located on campus. The main cafeteria serves hospital employees, patients, and visitors 7 days a week between the hours of 6:30 am and 8:00 pm. Hospital employees have the option of paying for cafeteria purchases by direct payroll deduction using a "platinum plate" card. During the study period, 7431 employees used a platinum plate card at least once to pay for purchases in the main cafeteria. To assess the effect of the intervention on employees with frequent long-term exposure to the cafeteria, employee platinum plate users who made a purchase in the cafeteria at least three times during each 3-month period from baseline to the end of follow up were included in the study cohort.
This cohort was identified retrospectively from sales data at the end of the 24-month follow-up period.
Cafeteria Intervention
After collecting baseline sales data for three months, labeling and choice architecture changes were implemented in the cafeteria sequentially and are described in detail elsewhere. 13, 14 The changes for the labeling and choice architecture intervention were made as permanent changes to the cafeteria. Briefly, the traffic-light food labeling system was based on the 2005 USDA My
Pyramid recommendations, 22 and every item in the cafeteria was labeled as red, yellow, or green based on three positive criteria (fruit/vegetable, whole grain, and lean protein/low-fat dairy as the main ingredient) and two negative criteria (saturated fat and caloric content). Items with more positive than negative criteria were green, items with equal positive and negative criteria were yellow, and items with more negative than positive criteria were red. The only exceptions were bottled water and diet beverages with 0 calories; they were labeled green despite having no positive criteria. The new labeling system in the cafeteria was promoted to hospital employees and visitors, and permanent signage and menu board changes accompanied the labels.
Choice architecture changes were implemented three months after introduction of the trafficlight labels. Cafeteria items were rearranged to make some of the green items more visible and convenient for purchase and some red items less visible. Examples of choice architecture changes included: rearranging items in the beverage and sandwich refrigerators to put all the green items at eye level; placing baskets of bottled water throughout the cafeteria; and providing pre-packaged salads next to the pizza counter. There were no significant changes in the food or beverage items offered in the cafeteria during the entire study period.
Outcomes
Sales data from the cash registers were used to track purchases throughout the study. For analyses of all cafeteria purchases, the dependent variables were binary indicators of whether a food item was labeled green/not green, yellow/not yellow, or red/not red. For the employee cohort, the outcomes were the proportions of cafeteria items purchased by each employee at baseline and at 12 and 24 month follow-up that were labeled green, yellow, or red. Each color proportion was a separate outcome. Purchases of cold beverages, which represented approximately 20% of total cafeteria sales at baseline, were assessed separately. To assess the impact of the intervention on overall cafeteria revenue, we calculated mean daily cafeteria sales, mean daily transactions, and mean dollars spent per transaction for each 3-month period.
For employees using platinum plate cards, purchases were linked to sociodemographic data from human resources files. Data were available on employee age, sex, job type, and self-reported race/ethnicity (white, black, Asian, or Latino). Human resources data did not provide information on race and ethnicity separately. Job types were aggregated into five categories that roughly correlated with increasing education attainment: service workers (manual and/or unskilled laborers); support staff; technicians (e.g., radiology technicians, respiratory therapists);
professionals (e.g., occupational therapists, pharmacists); and management/clinicians (e.g., hospital managers, physicians, nurses). Education was inconsistently reported by employees. For those who did report their education, 90% of service workers had a high school education or less, and 83% of professionals and management/clinicians had a bachelor's degree or higher. all cafeteria purchases, the proportion of red items decreased from 24% of all purchases during the baseline period to 21% at 12 months and remained 21% at 24 month follow-up (p<0.001 for both compared to baseline). Green items increased from 41% at baseline to 45% at 12 months and 46% at 24 months (p<0.001 for both compared to baseline). Figure 2 shows the proportion of green, yellow, and red beverage purchases for all cafeteria customers and for the cohort of regular employee customers. For all cafeteria customers, the proportion of red beverages decreased from 27% at baseline to 17% at 12 months and 18% at 24 months (p<0.001 for both), and green beverages increased from 52% of all beverage purchase at baseline to 59% at 12 months and 60% at 24 months (p<0.001 for both). Changes in green and red purchases at 12 and 24 months for the employee cohort in Figures 1 and 2 were similar to all cafeteria customers. Table 1 shows the absolute percentages of green, yellow, and red purchases by the cohort of employees at baseline and at 12 and 24-month follow up as well as the relative percent change from baseline to 24 month follow-up. The largest changes occurred for red items, with the sales of all red items decreasing by 20% and red beverages decreasing by 39%. A sensitivity analysis to determine if frequency of cafeteria use affected purchasing patterns demonstrated that frequent users (at least 10 purchases every 3-month period) and less frequent users (no purchase requirement) had similar changes in green and red purchases over the entire 2 year follow-up (data not shown). Table 2 shows the absolute percentages and relative percent changes during follow up for beverage purchases of employees by race/ethnicity and job type. At 24-month follow-up, purchases of green beverages increased and red beverages decreased compared to baseline for employees from all racial/ethnic backgrounds and from all job types. Similar but slightly smaller changes were observed for all purchases, and analyses of employee purchases by age and gender did not demonstrate any important differences (data not shown). Table 3 shows the overall cafeteria sales and transactions at baseline and 12 and 24-month follow-up. Overall cafeteria sales, including beverage sales, were stable over the 2 year period, with statistically significant, but relatively small, increases.
Discussion
This is the first study to evaluate the long-term effectiveness of a food labeling intervention to promote healthier choices. This study analyzed objective sales data over time rather than relying on cross-sectional customer surveys and self-reported purchasing behavior. We found that a traffic-light labeling and choice architecture intervention in a large hospital cafeteria resulted in sustained improvements in healthy food and beverage choices over two years, including among a longitudinal cohort of hospital employees from diverse backgrounds. These results suggest that simple food environment interventions can play a significant role in public health policies to reduce obesity.
The food industry has opposed various nutrition and menu labeling strategies, arguing that there is scientific uncertainty regarding the effectiveness of labeling policies. 23 Indeed, previous research has provided some mixed results regarding calorie labeling in the United States. 17, [24] [25] [26] [27] [28] [29] However, these observational studies are cross-sectional in design and subject to confounding.
There is evidence from experimental studies that demonstrate short-term effectiveness of labeling, and research suggests that traffic-light labels are particularly effective for changing behavior. [13] [14] [15] [16] 18, 30 A major gap in the evidence for food labeling is whether individuals will continue to make healthier choices over time or whether they develop "fatigue" for the labels and revert to previous unhealthy choices. Our results strongly support a sustained effect of a food environment intervention utilizing traffic-light labels, particularly among the longitudinal cohort of employees who visited the cafeteria frequently. These effects were consistent among employees of all racial/ethnic and job type subgroups, demonstrating that the intervention was effective for individuals from diverse cultural and educational backgrounds.
A second aspect of our cafeteria intervention was choice architecture. In this study, we were unable to separate out the effects of the labeling and the choice architecture since both interventions were incorporated into the cafeteria as permanent changes. In the initial 6 months of the intervention, we found that the largest changes in red and green purchases occurred when the labels were implemented, but sequentially adding choice architecture further decreased red sales and increased green sales. 13, 14 In the current study, we showed that purchases of the red and green items remained remarkably stable over the 18 months following the addition of the choice architecture intervention to the labels.
Although the details of our labeling criteria and product placement interventions may be debated, our results clearly demonstrate that individuals exposed to food labeling and environmental interventions will change their behavior to make healthier choices over an extended period of time. The intervention effect was strongest for beverages, with a 39% reduction in purchase of unhealthy beverages by employees over 2 years. Sugar-sweetened beverages are associated with obesity, diabetes, cardiovascular disease, and other chronic diseases. [31] [32] [33] [34] Reducing consumption of sugar-sweetened beverages on a daily basis is associated with weight loss 35 and therefore can help prevent obesity-related metabolic disease. Point-of-purchase interventions that discourage sugar-sweetened beverages are likely to have a significant impact on excess calorie consumption in the population.
The food industry can play an important role in addressing the obesity epidemic without compromising their success and profit. Despite labeling both healthy and unhealthy foods and beverages in our study, overall cafeteria sales revenue and daily transaction counts showed that the business remained robust throughout the study period. These results are consistent with other preliminary data showing that food companies and restaurants that offered low-calorie and healthier food choices had stronger sales growth between 2006 and 2011 than companies and restaurants that did not offer these options. 36 This study does have limitations. The intervention was conducted at one hospital cafeteria in an urban setting in the United States, and the findings may not be generalizable to all settings. This was a longitudinal study that did not have a control site. However, analyses of employees were based on within-person changes in purchasing and were not vulnerable to the biases associated with a changing population, and purchasing patterns for all analyses showed consistent patterns over the 2 year period.
The results of this study provide strong evidence that a simple traffic-light labeling and choice architecture intervention can improve healthy food and beverage choices of a diverse population over a sustained period of time. Cumulative small changes in eating behaviors across the population could lead to significant reductions in the prevalence of obesity and obesity-related diseases. In the future, collaboration between public health officials, policy makers, and the food industry has potential to promote healthier population eating behaviors without compromising individual choice or business success. Note: Each number 0-8 on the X axis represents a 3-month period of time. 
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